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TANK INVESTIGATION (OF TEE GRUMMAN JRF-5 AIRPLANE
FITTED WITH HYDRO-SKIS SUITABLE FOR
OFERATION ON WATER, SNOW, AND ICE

- By Kenneth L. Wadlin and John A. Ramsen

- SUMMARY

Results are presented from a tank lnvesiigation of a %—size

powered dynamlc model of the Grumman JRF-—S elrplane fitted with tandem
hydro-skls and auxiliery wing—tip sklds sultable for operation on water,

-gnow, and lce. Take—off stabllity and control of the airplane would be

adequate for water operation with this arrangement. Water take—offs
would be possible with the avallable thrust. Lending behavior in smooth
water would be satisfactory with yaw up to l5° Motions and acceler—
atlons during landings in rough seas would be much less than those for
the alrplene without skis. Accelerations in T-foot waves would-be less
than those for the alrplane without skis in 4—Foot waves.

; INTRODUCTION

As part of & regearch program to arrive at mesans of providing -
acceptable take—off and landing characteristics for high—speed water—
baged alrcraft without impalrment of flight performance, the Natlional
Advisory Committee for Aeronautics has been conducting an investigation
into the use of a retractable landling gear consisting of planing surfaces
called hydro—skis. (See reference l.) Hydro—skls were proposed to

- the U.S. Alr Force by the Edo Corporation as a mesans of operating a high-

performence fighter from snow and ice as well as weater.

In order to eveluate the possibilities and problems involved
in operating from these surfaces, Edo Corporation undertook a project
to install suitable hydro—skis on a Grummen JRF-5 amphibian for full—
scale tests of such a landing gear. In order to obtain good maneuver—

' ability for snow and ice operation; the arrangement selected was &




2 ' <A NACA RM 1L9K29

main hydro—skl near the center of gravity with a controllable tail ski
“4n tandem and with wing—tip skids to glve lateral support. At the
request of the Alr Force, extensive development tesis were made in the
Lengley tank no. 2 to aid the contractor in evaluating the effect on
the hydrodynamic charscteristics of various deslgn parameters involved
and to evaluate the final configuration chosen. The airplane wes sub—
sequently modifled to this configuration and successfully flown by Edo
Corporation from water, snow, ice, and, to a limited extent, from sod—
covered aresas. '

The tark program was not primerily intended to provide data of a
fundeamental or systematic nature on hydro—skis but-to errive at a hydro—
dynamlcally acceptable configuration for the Grumman JRF-5 in the.
ghorteat possible time. The scope of this peper ls, therefore, confined
to the results obtained with the final confilguration which was actually
built and flown. ' '

DESCRIPTION OF MODEL

A %-—size powered dynamlc model of the Grumman JRF-5 was constructed

at the Langley Aercnautical Laboratory for the tank investigation. The
general arrangement of the model with the final hydro-skl and skid con—
figuration ls shown in figure 1. FPhotographs of the model are shown as
flgure 2.

The model had scale—dlameter two—blade propellsrs drlven by direct—
current electric motors. It alsc had movable control surfaces of scale
dimensions. Slats were installed on the leading edge of the wing to
obtain approximaetely scele aerodynamic 1lift characteristics.

The lines of the main ski and tail ski are shown in figures 3 and 4,
respectively. These lineg were evolved by the contractor largely through
requirements for snow and lce operation. The tapered plan form and the
skl area were based primarily on the results of the tests of reference 1.

The location and detells of the wing-tlp skids are shown in figure 5.
The pivot polnts shown in the drawings of the skis and skids are for use
in snow and ice operation only and are included herein merely to provide
a convenient reference for location of the struts.

The skis were attached rigidly to the hull by failred struts., The
skide were also attached by faired struts with the position of the skids
being fixed except when the effect of castering the skids was investi-
gated. Details of the struts are shown in filgure.6.
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APPARATUS AND PROCEDURE

Take—0Off Tests

General.— The test setup with the model floating at normal gross
welght (8000 1b, full size) is shown in figure T. .The model was free
to trim about the center of gravity and free to rise but was restrained
in yaw. It was also restrained in roll except when stability in roll
wasg Invesgtigated.

The elevators were varied over a range of deflections from —30°
to 5°. A flap deflection of 30° wag used for all tests. For the tests
to determine the effect of varying this paramster 0O° end 60° flaps were -
also included.

Longitudinal gtebllity.— To £ind the trim 1limits of stability the
model was towed from the normal center of gravity (0.226¢C, where <¢C
is the mean asrodynamic chord) at constant speeds with full power
(3750 1b thrust, full size). The trim, defined as the angle betwsen
the undisturbed water surface and the hull forebody keel, was slowly
increased or decreased by use of the elevators untll porpoising began
or meximum elevator deflection was reached.

The varlation- of trim with speed for several locatlons of the center
of gravity and several elevator settings was determined during runs at
an acceleration of 1.0 foot per second per second and wlth full power.
The range of avallable center—of—gravity and elevator positions which
would permit take—off without porposing was determined from these runs.
The variation of trim with spesed for three flap deflactions at the normal
center—of—gravity position was also determined in thils manmer.

Resgistance .~ The resistance as deotermined in these tests 1s defined
by the equation

R =T¢ — Ty
where
R total reslstance, pounds
Te " effective thrust, pounds
Ty resultant horizontal force with power on and the model in the

water, pounds
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The effective thrust Te is defined by the equatlion

TG=DC+RH

where
D, air drag of the model with propellers fixed, pounds
Rg resultent horizontal asrodynamlic force with power on, pounds

These values (D, and Rpg) were determined at various speeds with the
model Just clear of the water at 0° trim and with the flaps set at 30°
and the elevators at 0°. The excess thrust was determined from constant
speed runs with the model in the water fixed in trim. The range of
trimg tested at each speed corresponded to the ranges of stable trims
found in the stabllity tests.

Partial power corresponding to 62.5 percent static thrust
(2340 1b thrust, full size) was the highest whith could be used during
congtant apeed runs without an eppreciable thrust drop due to over—
heating the electrlic motors in the model. This thrust was therefore
used for all the reslstance tests.

Landing Tests

Goneral .— Laending tests were made with the model balanced about
the normal center of gravity (0.226¢) and the elevators set to maintain
the desired trim while In the air. The data were recorded by means of
motion pictures, accelerameter records, and visual observations.

. SBmooth water.— For the smooth—water landings, the model was
launched as a free body from the Langley tank no. 2 monorall. Both
stralght and yewed landings were made with the normal configuration and
with the wing—tip sklds incorporating a castering arrangement,

Rough water.— For the rough—water landings, the model was launched
as a free body from the towing carriage into oncoming waves generated

by the Langley tank no. 2 wave maker. Wave helghts of 4 to 7 feet (full
size) were used with wave lengths varying from X0 to 240 feet (full size).
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RESULTS AND DISCUSSION

Take—0Off Tests

Goneral behavior.— Seguence photogrephes of & typical take—off run
with the model free to roll are shown in figure 8. In this condition,
the torque of the propellers tended to roll the model onto the left
skid. Right aileron deflection of 10° was applied which caused the
model to roll onto the right skid at plaening speeds. This deflectiomn
wes less than the amount available and thus indlcated that the airplane
would be laterslly controllable in a smooth—water, no-wind condition.

As can be seen from the photographs, the model rose onto the skis
at a speed corresponding to between 20 and 30 miles per hour (full
size) with both skids clear. Aas the speed increased, the deflected
atlerons took effect and rolled the model until it was supported by the
right gkid. - ' .o

The rise of the model with skis was greater than that of the bull
alone at all speeds due to the 1lift provided by the skis. This increase
in rise had a beneficlal effect at the lower speeds in that it reduced
the amount of spray thrown on the windsghield and into the propellers.

During the take—off tests, the skis tended to emerge due to upper—
surface 1ift at toc low a speed to provide sufficient planing 1ift far
sustentation. Thils tendency to lose 1lift resulted in a vertical
ingtability over & small speed rangs. The emergence Instability was
overcome by increasing the acceleration. It was also believed (and -
subsequently demonstrated full scale) that it could be avoided by pilot
control, that 1s, reducing the trlim and delaying emergence until the
minimum speed necessary for planing was reached.

Longitudinal stability.— The trim limlts of stability are presented
in figure 9 which also indicates the extent of the emergence instability
at constant speeds. The lower limit below which porpoising was

- encountered occurred at rather high trims Just after emergence but quickly '

dropped to low trims as the speed was increased. The upper—Llimlt por—
" poiging was mild end no lower branch of the upper 1limit was obtained.

Trim tracks for various elevator and flap deflectlions at the normal
center of gravity are shown in figure 10. 'All of the trim curves had a
small range of speeds between 20 and 30 miles per hour where no stable
pointe could be obtained at the acceleration used due to emsrgence
instebility. The extent of thils range of speeds varied from L4 to 6 miles
per hour. Increasing the flap deflectlion or elevator deflsction
generally shifted the range to slightly lower speeds.

.
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Increasing the flap deflection tended to decrease the trims and to
decreage the take—off speed for a given trim. Both effects were much
more noticeable between 0O° and 30° flape than between 30° and 60° flaps.
The stable elevator range remained the same for 30° and 60° flaps
(-10° to —22.5°). For 0O° flaps the stable elevator range decreased
to from -5° to -15°,

With the elevators set at 0° and with 30° or 60° flaps, the model
began lower—limit porpolsing immedlately after emergence. At a flap
setting of 09, it achleved a steady trim.and then began lower—limit
porpolsing at a sllightly higher speed.

The center—of-gravity limits of stabllity are presented in figure 11.
Since these limits were obtained from tests at a low acceleration
. (1.0 £t/s8c?), emergence instability occurred. This instability was
not considered in plotting the limits. At the normal center of gravity
(0.226T) there was an elevator rangs of 12.5° for which no porpoising
occurred. Previous test experience Indicates that thls range would be
increased at- higher acceleretions.

Resgigtance.— Curves of total resistance, trim, and rise of the
model, with and wilithout skis, converted to full-size vealues are shown
in figure 12. The total resistance Ilncludes both the water resilstance
and.. the air drag of the model and is the envelope of minimum resistance
from fixed trim tests over the stable range of trims. A curve showing
the estimated avallable trust is included which indicates that there
would be conslderable excess thrust at all speeds.

The resistance and corresponding trim for the model without skis
i less than that for the model with skis except at the higher speeds
near take—off.

A probable trim track and the total resistance for a take—off with
gkis at a take—off trim of 8° is also included in figure 12. The
resistance at these trims et the higher speeds remained lower than for
the model without akis. The reaslstance of the model with skls ig less
at thess speeds due to the more favorable planing characteristics of
the gkis and the absence of afterbody wetting.

Landling Tesats

Smooth water.— Sequence photographs of & typical smooth-water
landing at 8° trim are presented in figure 13. The model maintained
eassentially a constant trim with the tall eki clear for the greater
part of the run. Just before submergence an lncrease in trim took
place and the tail ski entered the water. At this point the model
trimmed down and the msin skl submerged so that the model came to

rest on the hull.
W
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The maximum normal accelerations encountered during the smooth—
water landings increased with Increasing landing trim from a velue too
small to read fram the accelerometer records at 4° to 0.5g at 8° and
to 0.9g at 120, The model was very stable on landing and tended to
geek the same running trim regsrdless of itse origlnal landing trim.

Smooth—water landing tests made with the model yawed to the left
indicated that yaw angles up to a value of 15° had no serious effects
on landing behavior. With all yaw settings the path remained straight
while the yaw angle tended to decrsase to zero. This decrease in yaw
angle was accompanlied by rolling to the right. The normal acceleratlons i
encountered in the yaw tests were sbout the same as those encountersd .
in smooth—water landings at the pame trims.

Castering of the wing—tlp skilds proved to have a negligible effect
on both straight and yawed landings. The sklds appeared to aline them—
gelves with the path of the model. !

Rough water.— In the rough-water landings, the model wlthout skils '
hit the waves with very little penmetration and skipped off violently '
with large chaenges in both trim and rise. When the model with skis hit
the waves, the skls penetrated somewhat while following the wave contour.

The motlonsg were similar In charecter but theilr magnitudes were much
smaller for the model with gkis than for the model without skis. Seguence
photographs of a typical rough—water landing for the model with gkis in
waves corresponding to It feet high and 120 feet long (full size) are

shown in Ffigure 1h.

Maximum normal acceleratlons encountered at various weave lengths
for the model with skls 1n waves corresponding to 4 feet and 7 Peet high
(full size) and the model without ekis in waves corresponding to 4 Ffeet
high (full size) are shown in figure 15. Each point represents the
maximum normal acceleration for one run regardless of the conbact at
which this occurred. Generally, the maximm acceleration did not - occur
at the first contact. Since the only control applied was that necessgary
to maintain trim while in the air, the position on the wave at which
initial contact was made was not under control. This caused variations
In the ensuing behavior which led to varistions in the maximum acceler-—
ation encountered even when the wave length and inltial landing trim
wore held constant.

The envelopes of the data represent the maximum accelerations that
wers obtalned over the range of wave lengths tested. The maximmm
acceleration obtained with the skis in 4-Ffoot waves (3.2g) 1s only
60 percent of that obtained with the hull alons (5.5g) in the same
height waves. In T-foot waves the maximumm acceleratlion with gkis
was 4.2g which is still less than 80 percent of that obtained with the
hull alone in h—foot waves. It was not considered advisablé to run
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the model without the skis in the higher weves due to the already
excessive accelerations and motions obtained in the 4—FPoot waves.

Time-higtory records of normal accelerations for the first part of
the runs which gave the greatest acceleration at the three conditlons
tested are shown in figure 16.

CONCLUSIONS

From a congideration of the data obtained from tenk tests of
a %-—size model 1t was concluded that for the Grummen JRF—5 airplane

fitted with tandem hydro-ekils and auxiliary wing—tlp skids:

1. The take—off stability and control would be adequate for water
operation. . '

2. Water take—offs would be possible with the availsble thrust.

3. The landing behavior in smooth water would be satisfactory for
all initial trimg and for initial angles of yaw up to 15°.  (Castering
of the tip sklds would have a negligible effect on water operation.

4, The motions and accelerations during landing in rough seas
would be much less than those for the alrplane without skis. The
accelerations 1n T-foot waves would be less than those for the airplane
without ekis in 4—foot waves.

Langley Aesronautical Laboratory
Netlional Advisory Commlittee for Aeronautics
Langley Alr Force Base, Va.
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Figure 2.~ é—size powered dynamic model of Grumman JRF-5 airplane
Pitted with hydro-gkis.
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Figure T.~ Test setup showing model floating at normal gross welght.
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Figure 8,- Sequence photographs of a typical teke-off run with the model free to roll; 10° right
aileron spplied. (8peeds are full size.)
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Just after contect 150 feet after contact

k50 feet after contact 500 feet after contact 600 feet after contact

Figure 13.- Sequence photogrephs of a typicel lending run in smooth water at 8° landing trim.

(Distances are full size.) _ ~JAS
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450 feet after contact 500 feet after conmtact 600 feet after contact
Figure l4.- Sequence photographs of a typical landing run in 4- by 120-foot waves mt 8° landing

trim., (Distances sye full gize.) RN v
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Flgure 15.- Varlation of maximum normsl accelerstion with wave length.
(Values are full size.)
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